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Agenda

= Background / history of standards

= Why we are where we are

= What’s coming

= Potential impact to the marine industry

71alcrow




ASCE Standards Committee

Formed in 2005

National committee of > 40 professionals
Owners, consultants, and academics
Geographically diverse

Heavy geotechnical emphasis

Includes loading and design detalls specific to
marine structures

Funding by US Navy

Our tribe: “We’'re great” Building guys suck.
s1alcrow




What will these new standards do?

= Codify current practice of performance-based
seismic design

— National consensus document
= Build on work done by others specifically for
the marine industry

— California State Land Commission (MOTEMS)
— Port of Los Angeles

— Port of Long Beach
— PIANC
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Why Is this necessary ?

Billions of dollars of construction in seismic regions

— Performance-based design being used routinely on
a project basis

Existing marine codes have limited standing
Conventional building codes still often take
precedence

— Enforcement by local building officials
Conventional code development controlled by
building designers

— Major changes to those codes
s1alcrow




Code Development — 2 separate paths

Building Industry

Model Codes

1

by Building Designers

1

Minimum Standards
for Life Safety
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Marine Industry Historic Practice

Through 1980’s equivalent lateral force methods — mostly
AASHTO based

Lateral force often specified, not calculated for each project
using R values, site factors, etc.

Each major port (POLA, POLB, POAK) set their own criteria
— POLA-1981used V=0.12 W
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Performance-based design

PSHA’'s common by mid-1980s
Two level design

Port of Oakland Example
L1: 20% in 50 years (

— 7% damping

— 0.35g PGA

— 0.959g Spectral peak

— Divide spectral peak by “risk factor” of 8
L2: 50% in 50 years (72 year RP)

— 5% damping
— 0.25g PGA

— 0.659g Spectral peak

— Use “risk factor” of 4 (ductility before spalling)
Smaller L2 earthquake governs design
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1994 Port of Oakland Design

SEISMIC CRITERIA:

TYPE OF SEISMIC EVENT .....vviienerivimstniinisans viassemssrasensassssasiontnn PP — EXTREME
PROBABILITY OF EXCEEDANCE IN 50 YEARS 207
PEAK GROUND ACCELERATION ..coirivesne OSSO PSP wraaseras 0.35g
Z DAMPING L1oieerrenismmsmmsenssmersrassnssnssessmssasassssasstnstssasssssts spasanisissnasanens yabasagsussisasananasens w5
DUCTILITY/RISK FACTOR, Z ...cooisriinses etk sserara st ebsd b RIS R s amsssees oo SETERTETD> D)

PEAK OF DAMPED SPECTRAL ACCELERATION {PDSA) cvcorresiissscrmmarmmssssssssmisssssssssmsssssancs 0.95W

Vuuf%siw
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1999 Port of Oakland Design

SEISWIC CRITERIA:
EARTHQUAKE LEVEL, 1 2 3 &~
PROBASILITY OF EXTEEDANCE 1N 50 YEARS S0 0% 10%
% DAMPING R 9 ? Ef £x
FORCE Eilﬂﬂllﬂ ¥, - 5
- FORCE R N FACTD Q 1 2 z
3 HD ACCELERATION (PGA) 025 0.37g O.A4g
FPEAK OF DAMRED SPECTRAL ACCELERATION (F'-DEI;] 0.82q 1.1Eg 1.38g

NOTE: PGA AND PUSA REPRESENT GROUND WOTION 10 FEET BELOW SURFACE FOR THE CDSM CONFIGURATION.

SEISMIC LOAD COMBINATIONS
gg 14 DL + 1.0 EQ + 0.1 {VERTICAL LIVE LOAD FOR PILE DESIGH)
09 L+ .0 EQ
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2003 Port of Oakland Design

b SESMIC CRITERIA .
CARTHOUAKE LEVEL 1 2 3
PROSAIDILITY OF EXCEEDANCE M 50 YEARS 205 20% t0=
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SEISMIC LOAD COMBRATIONS
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09 0L = 1.0 EQ
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Were the low return periods unconservative ?7??

= Compare mid-80s Oakland design to a design using 1985
UBC

= V= ZIKCSW

— Z = Zone factor (1.0 is highest for Zone 4)
— | = Importance factor (1.0)

— K = Factor for building type (0.67 for ductile moment resisting
frame)

— CS - Coefficients where CS need not exceed 0.14
= EXxpress as ultimate load by applying a 1.4 factor

than the smaller L2 earthquake using the Port of
Oakland internal criteria
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Current marine industry seismic design practice

Performance based design

— Ports of Los Angeles, Long Beach, Oakland

— MOTEMS for California Oil Terminals (State
Law in 2006)

— PIANC
Two level earthquake

— No damage level in small event
— No collapse and repairable in large event

Deformation based criteria
Pushover analyses
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Code Development — 2 separate paths

Building Industry

Model Codes

1

by Building Designers

1

Minimum Standards
for Life Safety
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Meanwhile:
Building Codes — “The Early Days”

= Through 1997:

— Three model building codes adopted by building
officials in US

* Note: Not all ports subject to local building
official jurisdiction

— Dominated by UBC / SEAOC “Blue Book”
— “Nonbuilding structures” added in 1988
— No specific reference to piers and wharves
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“World domination” by building designers

= Post 1997
— Consolidation of 3 US Model Building Codes
Into IBC

— FEMA Sponsored National Earthquake Hazards
Reduction Program (NEHRP)

— ASCE 7 becomes focal point

— Different sponsoring organizations
— Similar, but not identical, documents
— Many of the same authors
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Major changes to codes — not benign

» Some due to “lessons learned”, many changes
for the sake of change

* Huge expansion of “nonbuilding structures”

— Conflicts with existing industry practices and
standards (not just piers and wharves)

= Major changes to ground motion definitions

— Biggest effect outside of California
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2000 NEHRP

14.6.6 Plers and Wharves:

14.6.6.1 General: Piers and wharves are structures located in waterfrent areas that project into
a body of water ar parallal the ghare line

14.6.6.2 Design Basis: Piers and wharves shall be designed to comply with the Prowisions and
approved standards, Seizmic forces on elements below the water level shall include the ineriial
force of the mass of the displaced water. The additional se1smic mass egual to the mass of the
_dsplaced water shall be included as a lumped mass on the submerged element, and shall be
added to the calenlated sedsmie forces of the pler or wharf srrycture. Scsmic dynamic forces
fiom the seil shall be determined by the repistered design professional.

The design shall account for the effects of liquefactior on pers and wharfs as required.
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2003 NEHRP

= Task Committee of industry engineers
= Attempt to add performance-based design
= Crashed and burned
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2003 NEHRP

14.3.3 Piers and wharves. Piers and wharves are structures Jocated in waterfront areas that project im0
i body of water. Two categorics of these structures ane

a. Pwrs and wharves with ji;n'.ln_"_:ll ||u|:| IC QCcupancy, such as cruise =,|'|||_| terminals, retail or
— - — - !
OIS I.II IIHII'I.'.';. '!'.'l.l.ll-".ll'l!:';, _I"ul'lll'g =-|I.'.'I 5 and ngher tounst atiraciions.

b. $wers and wharves where occupancy by the general pubhie 15 not & consideration and aconomic
conswderati ons [on a regonal basis, or tor the cwner) are a major design congideration, such as
conlainer wharves, manne oul teranals, bullk termanals, ete., or other struchires whose primary
Tunchion 12 10 moor vessels and barges

T |'.|:-;.4: SINgCTirmes sh .|_|| L_':j'uruf._':ll_rl [0 I_"'ﬁ_ "_1|,|i|ﬂ__'|_§ i |1'.|i_l:_'|1'"_g-|_i|s_rf :-.Erl_ll:'l,l_ll.!: |,-,_|._]|.|5rl.;|'|:|£r'|l:5. -.‘_'l-'__[:“_-:'t T"ll.:l'-. i:_'-il.:IIIE
or other rational criteria and methods of design and analysis. Any methods wsed for design of these
stnuctures should recognize the onmigee importance ol liquefaction and soal faliure collapse mechanisms
as well as consider all applicable manne loading combinations, such as moornng, berthing, wave and
current. Spructural detmling shall be carefully considersd for the maripe environment.

14.3.3.1 Additional seismic mass. Scismic forces an elements below the water level shall inchude the

mertial torce of the mass of the displaced water. [The addiional seismic mass equal £o the mass of the

displaced water shall be mcluded as a lumped mass on the submerged element. and shall be added to the
calculated sesmuc forces of the prer or wharf strocture

143.3.2 Soil effects. Seismic dynamic forces from: the soil shall be determuned by the regstered desagn
professional. The design shall account for the elfects of hquefaction on poers and wharves, as
approprrate




ASCE 7-05

15. 5.6 Piers and Whiarves,
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Why was performance-based design rejected ?

Two level performance criteria

Levels of shaking / return periods viewed as
“unconservative”

— Consistent risk vs. life-safety
Displacement based design not understood

Inconsistency in building code geotechnical
requirements not appreciated, not a big deal
for buildings
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Performance Criteria

= ASCE 7/IBC

— Historically was single earthquake
* 475 year return period
 Life safety only

Now Maximum Considered Earthquake (MCE)
« 2,500 year RP with deterministic cap
» Allegedly for collapse prevention

Design Earthquake
 2/3 MCE
» Life Safety

Really a single-level earthquake design for 2/3 MCE

Performance at higher level is presumed due to implied factors
of safety for buildings
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Why change the 475 year return period ?

* |[ncrease ground shaking in Eastern US

— 2% In 50 years

= Keep actual design values for California about
the same

— 2/3 factor
— Justified by inherent 1.5 factor of safety
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Spectral Acceleration (g)
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Port industry issues with changes

Accelerations / forces can be scaled, displacements
are not linear

Massive ground failures occur in 2,500 year event that
don’t occur at 500 years

— Can't just scale those events by 2/3

Hard to distinguish between damage states for life-
safety and collapse prevention

— Inherent 1.5 FS is only for buildings

— Difference between life-safety and collapse is
meaningless

— Life safety hasn’t been an issue
Never have addressed lessons learned in ports
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1995 Kobe Earthquake
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1995 Kobe_Earthquake
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1995 Manzanillo, Mexico Earthquake
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1995 Manzanillo, Mexico Earthquake




1999 Turkey Earthquake




1999 Turkey Earthquake
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2004 Indonesia Earthquake / Tsunami

02/03/2005




New Standards

Seismic Hazard Level and Performance Level

—

Operating Level Earthquak

Design < (OLE)*
>lassification

Contingency Lewel esign Earthquake (D

Earthquake (CLE)*

Groun erformance Pe rforarance
Motion Level Motion Level Hazard Level
Probability of Probability of Lewel
Exceedance Exceedance
50% Controlled
i 50 ykars Min years and as per Life Safety
g Danghge epairable ASCE-7 Protection
(72 year year amage
20% in 50
years as per Life §afet
Moderate n/a a cairable SCE.7 Bro ctiony
(225 year RP
as per Life Safet
Low n/a n/a n/a n/a Ife sSafety
ASCE-7 Protection

& EvIIGIVUrYY



Does higher RP = more conservative ?

= ASCE 7

— 2,500 year return period / non-collapse
— 2/3 of that motion / life-safety
— Lots of design coefficients e.g. “R” factor

= ASCE Piers and Wharves

— Lower return periods
— Controlled and repairable damage
— “Fallure” is more functional and economical

— No real difference between life-safety and
collapse
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Table 3.3 CLE strain limits for '"Controlled and repairable damage' per 2.4.2

Section

Strain Limits

In-ground

Deep in-
osround
(>=10D,

Solid Concrete c.=0.00511.1p =0.025 €. =0005+1.1p, =0.008 & =0.012
Piles - Doweled g <04s_.<0.04 g, <0025 g =0.025
Hollow Concrete & = 0.006 £ = 0.000 & =0.006
Piles” - Doweled g. <06e, . <006 £, <0.025 g, <0.025
Solid Concrete &, =0.005+1.1p, =0.025 0.005< & =0.008 & <0.012
Piles - Fully

’ <0.025, g <0.025 < <
Embedded €, € g, = 0.025 g, =0.025
Steel Pipe Piles £. £0.025 g, <0025
(concrete plug
doweled g, <0.6g,, <006 ) g, <0.035
connection)
Steel Pipe Piles g, =0.025 g, =0.025 g, =0.035
(hollow steel
section) - Fully
Embedded
Steel Pipe Piles g =0.035 g <0035

(concrete filled)
- Fully
Embedded

[




POLA Experimental Program at UCSD
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Tests at Oregon State University




Tests at University of Washington




Tests at University of Washington

1.75 % Drift
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Advantages to industry specific standards

= Address common structural configurations

— “lrregularities”

— Sloping foundations

— Battered piles

— Strong beam / weak column

Actual loading conditions

— Kinematic
— Mooring and berthing

Code developers who work in the industry

— Building designers think they know best
Standing as “ASCE Mandatory Standard”

Address issues like structural detailing
s1alcrow




]
Table 7.1 Pile-to-deck connections

Connection Referenced Permitted Moment
Section Curvature Analysis
Method(s)
Pipe Pile Connections 7.4.2
Embedded Pile 7.4.2.1 Method B
Concrete Plug 7.4.2.2 Method B
Isolated Shell 7.4.2.3 Method B
Welded Dowels 7.4.2.4 NA
Welded Embed 7.42.5 Method B
Prestressed Concrete Pile Connections 7.4.3
Pile Build-Up 7.4.3.1 Method A
Extended Strand 7.4.3.2 Method A
Embedded Pile 7.4.3.3 Method A
Dowelled 7.4.3.4 Method A or B
External Confinement 7.4.3.5 Method B
Hollow Dowelled 7.4.3.6 Method A or B
Other Connections 7.4.4
Pinned Connection 7.4.4.1 Method B
Batter Pile 7.4.4.2 Method A or B




Concrete Plug

—_— Deck — - A\
ran owels
— \ —

| 1|
| 1]
| 1]
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| | ]':;-'53 |
| 1 H
(I
LY
Pile Build- Embedded Extended Dowelled Hollow External
Up Pile Strand Dowelled Confinement

Figure C7.5 Examples of prestressed concrete pile connections




What's next ?

Standard to be balloted this year
Lengthy public review process
Best case — published late 2011

Over time — gain national standing and
acceptance by building officials

Continued application by marine industry
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Questions ?
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